Background: Information available in the literature on clinically based and laboratory-based outcome measures of balance is limited. How much information is provided by clinically based outcome measures compared to laboratory-based measure in patients with total hip (THA) and knee arthroplasty (TKA) is not known. Aim: The purpose of this study was to determine the relationship between selected clinically based outcome measures and laboratory-based force platform measure in patients following THA and TKA. Methods: Patients who underwent THA (n = 26) and TKA (n = 28) were evaluated at about 5-7 weeks following surgery. Participants were assessed using four clinically based outcome measures -1) the Berg Balance Scale (BBS), 2) the Timed Up and Go test (TUG), 3) the Activities-specific Balance Confidence Scale (ABC), and 4) the Western Ontario McMaster Universities Osteoarthritis Index-function subscale (WOMAC-function) -and one laboratorybased force plate measure (95% ellipse area). Results: Moderate correlations were observed between the BBS and the 95% ellipse area of force plate (r = 0.46-0.51) for the two-legged stance, the anterior lean stance, and the posterior lean stance. Fair correlations were observed between TUG and the 95% ellipse area of force plate (r = 0.31-0.37) for all the three test conditions. Low correlations were observed for the ABC and the WOMAC-function with the 95% ellipse area of force plate (r = 0.11-0.25) for all the three test conditions. Conclusion: The BBS demonstrated the greatest correlations with the 95% ellipse area of the force plate measure and should be preferred by physical therapists over the TUG, the ABC, and the WOMAC-function to assess balance in patients with THA and TKA.
Introduction
Balance is critical for mobility and physical function in the elderly. 1, 2 Balance requires integration of information from somatosensory, visual, and vestibular systems and execution of appropriate musculoskeletal responses throughout the body, including the joints of the lower extremities. 3 Following orthopedic injury to the joints of the lower extremities, the sensory and motor processes are disrupted subsequently leading to balance problems. 4 Hip and knee osteoarthritis (OA) has been reported to significantly reduce standing balance in the elderly. 5 Although interventions such as total hip arthroplasty (THA) and total knee arthroplasty (TKA) for hip and knee OA, respectively, 
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Jogi et al help to reduce joint pain and stiffness, and improve physical function, they may not necessarily improve patient's balance. THA and TKA are costly surgeries with respect to actual financial costs for surgery and those incurred for patient care and rehabilitation during the recovery process. It is in the interest of the patient, health care professionals, and service providers that the outcome of THA and TKA is successful. Among many causes for unsuccessful surgery is injury to the replaced hip and knee joint as a result of fall. Impairment in balance is a major cause of falls. Patients with severe hip and knee OA, as well as those who had undergone THA and TKA, have been reported to have a higher incidence of falls compared to the general population. 6 A variety of approaches that include subjective and objective methods have been used to assess balance in the clinical and research areas. Clinically, several outcome measures have been used to assess balance in the elderly and in patients with THA and TKA. The Berg Balance Scale (BBS) 7 and the Timed Up and Go test (TUG) 8 which are clinician administered have been commonly used to assess balance in patients with THA and TKA. The Activities-specific Balance Confidence Scale (ABC) 9 and the Western Ontario McMaster Universities Osteoarthritis Index (WOMAC) 10 are self-reported outcome measures used to assess patient's balance confidence and physical function, respectively. However, it is not known which outcome measure best reflects the ability to maintain balance in patients with THA and TKA. In validating outcome measures, they are usually compared with the gold standard which are typically the laboratory-based measures.
Force plate systems are laboratory-based systems that have made it possible to assess patients' balance quantitatively. Force plate systems record vertical forces acting on a platform to determine parameters for balance using center of pressure (CoP). 3 Many force plate systems are available and commonly use three or four strain gauges. 11 Researchers have used different balance assessment protocols to assess balance on force plate systems including quiet standing, 12 perturbed standing, 12 balance during functional tasks, 13 and balance during eyes-open and eyes-closed conditions. 14 However, the force plate systems are very expensive, time-consuming, not readily accessible, and impractical to use in assessing patients' balance on a day-to-day basis in clinical settings. Clinical outcome measures of balance, on the other hand, are cost-effective, easy to administer and score, readily available, and take relatively less time to administer and score. However, whether the clinical outcome measures provide comparable information as the force plate measure, in patients with THA and TKA, remains to be seen. Therefore, the aim of the current study was to determine the relationship between selected clinically based outcome measures and laboratory-based force platform measure in patients following THA and TKA.
Methods

study design
Participants in this study were a sample of convenience of consecutive patients referred to a large outpatient home physical therapy provider following either THA or TKA. Patients' charts were reviewed to assess their eligibility for the study. Patients who met the eligibility criteria were advised of the study. Eligible participants were visited by their physical therapist at their home on the first or second day after discharge from the hospital, which was about 7-10 days following their THA or TKA. Participants were assessed by their physical therapist for their eligibility and to collect relevant medical information. After the first visit, participants were visited once or twice a week until 5 weeks to impart postsurgical physical therapy and to monitor their progress. Following completion of the 5-week home physical therapy program, participants were advised to come to the biomechanics laboratory at the School of Physical Therapy.
When participants arrived at the biomechanics laboratory, they were given considerable time to get comfortable with the surroundings in the laboratory, following which they were advised about the procedure of the study. Subsequently, participants were assessed on four clinical outcome measures. First, participants were assessed on two selfreported outcome measures (the WOMAC and the ABC), and then they were assessed on two clinician-administered outcome measures (the BBS and the TUG) in no particular order of administration. After assessments on these outcome measures, participants were then assessed on a laboratorybased outcome measure, the force plate. All participants were assessed on the clinical outcome measures as well as the laboratory-based outcome measure within a week (3-6 days) following the 5-week home physical therapy program. Ethics approval for the study was received from the University Research Ethics Board for Health Sciences Research Involving Human Subjects, University of Western Ontario, and all participants provided written consent prior to participation. One of the participants provided a written informed consent to have his picture taken on the laboratory-based outcome measure and the image published in the current study. This study is registered in ClinicalTrials.gov Protocol Registration System (ClinicalTrials.gov ID: NCT01555307; Protocol ID: R-06-461).
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comparison of clinical and laboratory measures Participants and therapist All participants had primary unilateral THA or TKA as a result of hip or knee joint OA and had been advised by their surgeon to weight-bear as tolerated following their surgery. Patients with revision THA or TKA, or those who had been advised by their surgeon to remain non-weight-bearing or partial weight-bearing on either the operated or nonoperated leg, were excluded. Patients with neurological conditions, such as hemiplegia, peripheral neuropathy, Parkinson's disease, multiple sclerosis, and spinal cord compression, that might affect balance, and those who were considered unable to communicate or follow instructions were also excluded from the study.
Two physical therapists, who had 3-4 years of clinical experience as a physical therapist and who routinely provided physical therapy to patients who underwent THA and TKA, participated in the study. Assessments on the outcome measures were completed only by the primary investigator, who was one of the physical therapists.
clinical outcome measures Berg Balance scale
The original 14-item BBS is a clinician-administered outcome measure that was originally designed to assess balance in the elderly and has been demonstrated to be valid, reliable, and responsive. 7 It includes 14 simple balance tasks, which are scored on a five-point ordinal scale (0, 1, 2, 3, and 4), with a maximum total score of 56. Higher scores on the BBS indicate better balance. All 14 performance tasks on the BBS focus on balance, and it has been previously used to assess balance in patients following hip fracture 15 and knee OA. 16 The Timed Up and go test
The TUG is also administered by clinicians and is a test of functional mobility completed using a single chair and a 3 m walkway. It combines standing up from the chair, walking, turning around, and sitting down, and the performance is timed. The faster the time, the better is the subject's physical function. 8 The test is simple, quick, requires no special equipment, and has been reported to be reliable, valid, and responsive for assessing functional mobility in an elderly population.
17,18
The Activities-specific Balance Confidence Scale
The ABC is a self-reported outcome measure that was developed by Powell and Myers, 9 and was demonstrated to be valid, reliable, and responsive to assess the level of patient's balance confidence in performing specific activities. The ABC has 16 items and is scored on a 0-100% response scale. An average of scores for all items is calculated as the patient's total ABC score. 9 The ABC is simple and easy to understand, and takes 5-10 minutes to complete and score. The ABC has been used to assess balance confidence in patients with stroke, 19 and to assess fall-related self-efficacy in elderly patients after hip fracture. 20 
Western Ontario McMaster Universities Osteoarthritis index
The WOMAC is also a self-reported, disease-specific questionnaire used to assess patients having OA of the hip and/ or knee, and has been demonstrated to be valid, reliable, and responsive. 10 It consists of 24 questions distributed among three subscales: 1) a pain subscale with five questions, 2) a stiffness subscale with two questions, and 3) a physical function subscale with 17 questions. The WOMAC allows patients to make their responses using five-point scales (0, 1, 2, 3, and 4) with the total possible score being 96. Higher scores on the WOMAC indicate greater pain and stiffness, and greater difficulty in performing selected functional activities. 10 While the WOMAC requests information from patients about their physical function rather than balance per se, it is very commonly used to assess patients with THA or TKA, and is widely popular among clinicians and patients. [21] [22] [23] [24] Although typically reported as a total score, the strong relationship between the pain and functional subscales of the WOMAC reported by Stratford et al 24 suggests the use of function subscale score of the WOMAC in place of the total score. Subsequently, the WOMAC-function subscale (WOMAC-function) scores were used in all analyses in this study.
laboratory outcome measure Force plate
Balance was assessed using an Advanced Mechanical Technology, Inc. (AMTI, Newton, MA, USA) stationary 51 cm × 46 cm steel force plate with implanted strain gauges, an amplifier, and a computer with Biosoft software (AMTI) which computed the CoP excursion in millimeters while the subject stood on the force plate. As the subject sways while standing on the force plate, the CoP excursion has trajectory in all directions (anterior-posterior and medial-lateral) of the sway which can be observed on the monitor of the computer. The Biosoft software computes an ellipse which covers 95% of the data points of the CoP excursions in square centimeters. The smaller the area of the 95% ellipse for a subject, the better is his/her balance.
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Previous studies have utilized CoP amplitude, which is the total distance traveled in the medial-lateral and anteriorposterior directions to describe CoP patterns during balance assessments. 25, 26 For the purposes of the current study, the 95% ellipse area of the CoP amplitude in the medial-lateral and anterior-posterior directions was used as the CoP measure, and was calculated in square centimeters using the Biosoft software. The rationale given by Thapa et al 14 for using an area measure to assess balance is that it represents the portion of the base of support utilized during standing conditions. The 95% ellipse area covers 95% of the data points of the CoP amplitude in the medial-lateral and anterior-posterior direction, which according to Lee and Park 27 provides good information about balance in the anterior-posterior and medial-lateral directions, and is not biased by outliers. Swanenburg et al 28 have reported a good reliability of 95% ellipse area of the CoP using AMTI force plate to assess balance on two-legged stance in elderly patients.
Standing balance was assessed on the force plate equipment placed in the same biomechanics laboratory. Participants were comfortably dressed in shirt and pants and were barefoot during the tests. Before the balance tests began, participants were comfortably seated on a chair placed behind the force plate while the testing procedure was demonstrated and reviewed. Participants were encouraged to ask any questions related to the procedure and report any fatigue they experience during the testing. The participants were provided with suitable rest periods if required.
A walker was positioned immediately in front of the force plate for safety purposes. The participants were instructed to use the arms of the chair to stand up and then to use the walker to achieve balance before each test ( Figure 1 ). Once the participants obtained balance, they were asked to release the walker and stand in the test position for 10 seconds during the data capture interval. They were advised to use the walker in case they lost their balance. For safety reasons and to enhance the participant's confidence, another physical therapist was present by the participant's side to guard against any major loss of balance and potential fall. The 10-second data collection period began when the participants said "Now", indicating that they believed they had established balance.
The balance testing comprised three test conditions performed with the participant's eyes open. The three test conditions were 1) two-legged stance, 2) two-legged anterior lean stance, and 3) two-legged posterior lean stance. Testing started with the two-legged standing position with evenly distributed weight, followed by the anterior and posterior lean standing positions. For the anterior and posterior lean stance, participants were instructed to lean anteriorly and posteriorly as far as they could comfortably and maintain the position. Two repetitions of each test were completed, with a 10-second rest interval between repetitions during which the patient remained standing and used the walker for support, as needed. Demonstration of the balance tests on the force plate was provided to the participants by the primary investigator prior to balance testing. No trial training was given to the participants to avoid any learning effect.
statistical analysis
Descriptive statistics were used to characterize participants with THA and TKA on the clinical measures and the force plate measure. Student's t-tests were used to compare participants who underwent THA with those who underwent TKA on the BBS, the TUG, the ABC, and the WOMAC-function clinical measures. Student's t-tests were also used to compare participants with THA to those with TKA on the 95% ellipse area of the force plate for the three test conditions (two-legged stance, anterior lean stance, and posterior lean stance). An average of scores of the two repetitions for each test condition was used as the final score of 95% ellipse area for that condition.
Pearson's correlation coefficients were used to compare scores on the BBS, the ABC, the TUG, and the WOMACfunction with those on the 95% ellipse area of the force plate for all the three test conditions. Also, Pearson's correlation coefficients were used to compare scores among the clinical measures. Correlations were also performed separately for participants with THA and those with TKA between the clinical measures and the 95% ellipse area of the force plate for the three test conditions. Correlation coefficients were assessed using the criteria provided by Portney and Watkins. 29 Correlation coefficients in the range of 0.00-0.25 indicated little or no relationship, 0.25-0.50 indicated a fair-to-moderate relationship, 0.50-0.75 indicated a moderate-to-good relationship, and above 0.75 indicated a good-to-excellent relationship. All statistical tests were completed using STATISTICA, 30 and the level of statistical significance was set at p < 0.05.
sample size estimation
Based on the hypothesized prediction of a significant and moderate correlation (r ≥ 0.40) between the BBS and the 95% ellipse area of the force plate, with a power of 0.80 at a significance level of 0.05 (two-tailed), 47 participants were required to participate in this study. 31 Participants with THA and those with TKA were pooled together to achieve the required sample size for the study.
Results
A total of 63 participants participated in the study, of which 30 participants had THA and 33 participants had TKA. Thirty-five percent of the participants were males, and 65% females. Fifty-four participants completed the four clinical outcome measures (the BBS, the TUG, the ABC, and the WOMAC-function), and 50 participants completed the laboratory-based force plate outcome measure (95% ellipse area). Of the 54 participants who completed the clinical outcome measures, four patients were not tested on the force plate due to technical problems with the equipment. Demographic information of participants is presented in Table 1 . No statistically significant differences were observed in age, height, and body mass between participants who had THA and those who had TKA (p > 0.05).
Scores on clinical outcome measures are presented in Table 2 . No statistically significant differences were observed between participants who had THA and those who had TKA on the BBS, the TUG, the ABC, and the WOMAC-function (p > 0.05). Data on all clinical outcome measures were found to be normally distributed (Figure 2) . Also, no statistically significant differences were observed between participants who had THA and those who had TKA on the 95% ellipse area for the three force plate test conditions -the two-legged stance, the anterior lean stance, and the posterior lean stance (p > 0.05, Table 3 ). Data on the force plate for all test conditions were found to be normally distributed (Figure 3) .
Moderate correlations were observed between the BBS and the 95% ellipse area for all the three force plate test conditions (r = 0.46-0.51, Table 4 ). The scatter plot in Figure 4 shows that the participants who scored near maximum on the BBS had the 95% ellipse area of the force plate varied within a considerably small part of the total range observed in the study sample. Fair correlations were observed between the TUG and the 95% ellipse area (r = 0.31-0.37), again for all the three force plate test conditions. However, low correlations were observed for the ABC and the WOMAC-function with the 95% ellipse area of the force plate (r = 0.11-0.25) on the three test conditions. Correlations performed separately for participants with THA and those with TKA also demonstrated a similar pattern of relationships between the clinical measures and the 95% ellipse area of the force plate as that observed for the pooled total participants. 
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Discussion
The current study explored relationships of the clinical outcome measures the BBS, the TUG, the ABC, and the WOMAC-function with the laboratory-based force plate measure (95% ellipse area). The authors used concurrent validity, a measure of criterion-related validity, by comparing the clinical measures of balance with a force plate measure that has been established as standard for assessment of balance. 29 Moderate correlations of the BBS with the 95% ellipse area of the force plate suggest that the BBS provides information about the ability to maintain balance and supports its validity in assessing balance in patients with THA and TKA. The BBS was the only measure among the four outcome measures in the current study that demonstrated the strongest relationship with the 95% ellipse area of the force plate.
The BBS has been previously compared with other different force plate measures of balance but not the 95% ellipse area, and in different sample populations but not in patients with THA and TKA.
Frykberg et al 32 reported correlations similar to that observed in the current study between the BBS subgroup score of items that involved maintaining a position and the force plate measure in patients who had stroke (r = −0.50, p < 0.05), and they used the mean velocity of CoP displacement as a force plate measure. Although the mean velocity of CoP displacement has been identified as a consistent and stable force plate measure, 12, 33 Frykberg et al 32 reported a disproportionably low mean velocity of CoP displacement in participants even with considerably good balance with a maximum score on the BBS. However, in the current study, as illustrated in Figure 4 , the 95% ellipse area of the force plate could be quite small in participants with considerable balance ability as demonstrated by their maximum scores on the BBS.
Sabchuk et al 34 have also reported fair-to-moderate correlations between the BBS and the force plate measure in young and elderly healthy individuals (r = −0.37 to −0.51, p < 0.05) using CoP displacement as a force plate measure, and under different test conditions such as eyes-open and eyes-closed conditions. Berg et al 12 reported fair correlations between the BBS and the force plate measure during platform-induced sway (r = −0.38, p < 0.05), and moderate correlations when the platform was stationary (r = −0.55, p < 0.05) using CoP amplitude and speed as force plate measure, but the participants in the study were healthy elderly individuals. Based on the results of the current study, the authors support the use of the BBS by clinicians for assessment of balance in patients with THA and TKA.
The TUG demonstrated fair correlations with the 95% ellipse area of the force plate. Previous research by Sabchuk et al 34 balance in addition to function as it is very widely used by clinicians to assess patients with THA and TKA. Although very popular among clinicians to assess patients with THA and TKA, the WOMAC has not been studied for its relationship with outcome measures of balance in the past. Results of the current study suggest that the WOMAC-function does not provide any information on balance in patients with THA and TKA, and does not support its use to assess balance in these patients.
In the current study, no differences were observed between patients with THA and those with TKA on all the outcome measures, and data on patients with THA and TKA were pooled together for the purpose of the study. Previous studies have also reported no differences in functional outcomes between patients who had undergone THA and those who had undergone TKA at 5-7 weeks 37 and at 6 months 38, 39 postsurgery.
In conclusion, the current study provided information suggesting that the BBS is preferable for assessing balance in patients with THA and TKA over the TUG and the ABC. The ABC and the WOMAC-function may not provide any information on the balance ability of these patients and may not be used to assess balance. Moderate relationship was observed between the BBS and the 95% ellipse area of the force plate. Fair relationship was observed between the TUG and the 95% ellipse area, and good relationship between the TUG and the BBS. The relationship of the ABC and the WOMAC-function with the 95% ellipse area of the force plate was weak.
This study presented some limitations. Participants in the study were a sample of convenience referred to homebased community physical therapy within a limited geographical area. Although participants were provided with adequate rest periods, influence of participants' fatigue on their performance on outcome measures, especially during the later stages of the study procedure, cannot be ruled out. The clinical and force plate measures were administered to patients simultaneously one after the other, and how much learning effect occurred in participants as the assessment progressed is unclear.
